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SECTION 1
INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has developed a maximum
achievable control technology (MACT) standard to reduce hazardous air pollutants (HAPs)
from the coke ovens: pushing, quenching, and battery stacks source category. To support
this rulemaking, EPA’s Innovative Strategies and Economics Group (ISEG) has conducted
an economic impact analysis (EIA) to assess the potential costs of the rule. This report
documents the methods and results of this EIA. These final standards will implement
Section 112(d) of the Clean Air Act (CAA) by requiring all major sources to meet HAP
emission standards reflecting the application of the MACT. The HAPs emitted by this
source category include coke oven emissions, polycyclic organic matter, and volatile organic
compounds such as benzene and toluene.

1.1 Agency Requirements for an EIA

Congress and the Executive Office have imposed statutory and administrative
requirements for conducting economic analyses to accompany regulatory actions. Section
317 of the CAA specifically requires estimation of the cost and economic impacts for
specific regulations and standards proposed under the authority of the Act.' ISEG’s
Economic Analysis Resource Document provides detailed guidelines and expectations for
economic analyses that support MACT rulemaking (EPA, 1999). In the case of the coke
MACT, these requirements are fulfilled by examining the following:

» facility-level impacts (e.g., changes in output rates, profitability, and facility
closures),

'In addition, Executive Order (EO) 12866 requires a more comprehensive analysis of benefits and costs for
proposed significant regulatory actions. Office of Management and Budget (OMB) guidance under EO
12866 stipulates that a full benefit-cost analysis is required only when the regulatory action has an annual
effect on the economy of $100 million or more. Other statutory and administrative requirements include
examination of the composition and distribution of benefits and costs. For example, the Regulatory
Flexibility Act (RFA), as amended by the Small Business Regulatory Enforcement and Fairness Act of 1996
(SBREFA), requires EPA to consider the economic impacts of regulatory actions on small entities.
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« market-level impacts (e.g., changes in market prices, domestic production, and
imports),

» industry-level impacts (e.g., changes in revenue, costs, and employment), and

» societal-level impacts (e.g., estimates of the consumer burden as a result of higher
prices and reduced consumption levels and changes in domestic and foreign
profitability).

1.2 Overview of Coke, Iron and Steel, and Foundry Industries

In the United States, furnace and foundry coke are produced by two producing
sectors—integrated producers and merchant producers. Integrated producers are part of
integrated iron and steel mills and primarily produce furnace coke for captive use in blast
furnaces. In 2000, integrated producers accounted for approximately three-fourths of U.S.
coke capacity, and merchant producers accounted for the remaining one-fourth. Merchant
producers sell furnace and foundry coke on the open market to integrated steel producers
(i.e., furnace coke) and iron foundries (i.e., foundry coke). Some merchant producers sell
both furnace and foundry coke, while others specialize in only one.

Figure 1-1 summarizes the interactions between source categories and markets within
the broader iron and steel industry. As shown, captive coke plants are colocated at integrated
iron and steel mills providing furnace coke for its blast furnaces, while merchant coke plants
supply the remaining demand for furnace coke at integrated iron and steel mills and supply
the entire demand for foundry coke at iron foundries. These integrated mills compete with
nonintegrated mills (i.e., minimills) and foreign imports in the markets for these steel
products typically consumed by the automotive, construction, and other durable goods
producers. Alternatively, iron foundries use foundry coke, pig iron, and scrap in their
ironmaking furnaces (cupolas) to produce iron castings, and steel foundries use pig iron and
scrap in their steelmaking furnaces (electric arc and electric induction) to produce steel
castings. The markets for iron and steel castings are distinct with different product
characteristics and end users.

The EIA models the specific links between these models. The analysis to support the
coke EIA focuses on four specific markets:

o furnace coke,

« foundry coke,
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» steel mill products, and
e iron castings.

Changes in price and quantity in these markets are used to estimate the facility, market,
industry, and social impacts of the coke regulation.

1.3 Summary of EIA Results

The rule requires coke manufacturers to implement good management practices and
ongoing maintenance that will increase the costs of producing furnace and foundry coke at
affected facilities. The increased production costs will lead to economic impacts in the form
of increases in market prices and decreases in domestic furnace coke production. The
impacts of these price increases will be borne by integrated producers of steel mill products
as well as consumers of steel mill products. Nonintegrated steel mills and foreign producers
of furnace coke will earn higher profits. Key results of the EIA for the coke MACT are as
follows:

o Engineering Costs: The engineering analysis estimates annual costs for existing
sources of $20.2 million.?

o Sales Test: A simple “‘sales test,” in which the annualized compliance costs are
computed as a share of sales for affected companies that own coke batteries,
shows that thirteen of the fourteen companies are affected by less than 3 percent
of sales. The cost-to-sales ratio (CSR) for the median company is 0.13 percent.

e Price and Quantity Impacts: The EIA model predicts the following:

— The market price for furnace coke is projected to increase by 2.7 percent
($3.00/short ton), and domestic furnace coke production is projected to
decrease by 3.9 percent (348,000 tons/year).

— The market price and domestic foundry coke production for foundry coke are
projected to remain unchanged.

— The market price for steel mill products is projected to increase by 0.03
percent ($0.14/short ton), and domestic production of steel mill products is
projected to decrease by 0.18 percent (192,000 tons/year).

— The market price and production for iron castings are projected to remain
unchanged.

*All costs were adjusted to $2000 dollars (base year of the economic analysis).
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Plant Closures: Two furnace coke batteries are projected to close.

Small Businesses: The Agency identified three small companies that own and
operate coke batteries, or 21 percent of the total. The average CSR for these
firms is 2.0 percent. One small business is projected to have a CSR between 1
and 3 percent. One small business is projected to have a CSR greater than

3 percent. No facilities or batteries owned by a small business are projected to
close as a result of the regulation.

Social Costs: The annual social costs are projected to be $18.6 million.

— The consumer burden as a result of higher prices and reduced consumption
levels is $20.9 million annually.

— The aggregate producer profit gain is expected to increase by $2.3 million.
v/ The profit losses are $10.3 million annually for domestic producers.

v Foreign producer profits increase by $12.6 million due to higher prices
and level of impacts.

1.4  Organization of this Report

The remainder of this report supports and details the methodology and the results of
the EIA of the coke MACT.

Section 2 presents a profile of the coke industry.

Section 3 describes the regulatory controls and presents engineering cost
estimates for the regulation.

Section 4 reports market-, industry-, and societal-level impacts.

Section 5 contains the small business screening analysis.

Appendix A describes the EIA methodology.

Appendix B describes the development of the coke battery cost functions.

Appendixes C and D include the econometric estimation of the demand elasticity
for steel mill products and iron castings.

Appendix E reports the results of the joint economic impacts of the Iron and Steel
and Coke MACTs.

Appendix F reports the results of foreign coke import elasticity sensitivity
analysis.
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SECTION 2
INDUSTRY PROFILE

Coke is metallurgical coal that has been baked into a charcoal-like substance that
burns more evenly and has more structural strength than coal. Coke manufacture is included
under Standard Industrial Classification (SIC) code 3312—Blast Furnaces and Steel Mills;
however, coke production is a small fraction of this industry. In 2000, the U.S. produced
20.8 million short tons of coke. Coke is primarily used as an input for producing steel in
blast furnaces at integrated iron and steel mills (i.e., furnace coke) and as an input for gray,
ductile, and malleable iron castings in cupolas at iron foundries (i.e., foundry coke).
Therefore, the demand for coke is a derived demand that is largely dependent on production
of steel from blast furnaces and iron castings.

In the remainder of this section, we provide a summary profile of the coke industry in
the United States, including the technical and economic aspects of the industry that must be
addressed in the economic impact analysis. Section 2.1 provides an overview of the
production processes and the resulting types of coke. Section 2.2 summarizes the
organization of the U.S. coke industry, including a description of U.S. manufacturing plants
and batteries, the companies that own these plants, and the markets for coke products.
Finally, Section 2.3 presents historical data on the coke industry, including U.S. production
and consumption and foreign trade.

2.1 Production Overview

This section provides an overview of the by-product coke manufacturing process and
types of coke produced in the United States. Although not discussed in this section, several
substitute technologies for by-product cokemaking have been developed in the United States
and abroad, including nonrecovery cokemaking, formcoke, and jumbo coking ovens. Of
these alternatives to by-product coke batteries, the nonrecovery method is the only substitute
in terms of current market share in the United States.
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2.1.1 By-Product Coke Production Process

Cokemaking involves heating coal in the absence of air resulting in the separation of
the non-carbon elements of the coal from the product (i.e., coke). The process essentially
bakes the coal into a charcoal-like substance for use as fuel in blast furnaces at integrated
iron and steel mills and cupolas at iron foundries. Figure 2-1 summarizes the multi-step
production process for by-product cokemaking, which includes the following steps:

» coal preparation and charging,
e coking and pushing,

e quenching, and

* by-product recovery.

In by-product cokemaking, coal is converted to coke in long, narrow by-product coke ovens
that are constructed in groups with common side walls, called batteries (typically consisting
of 10 to 100 coke ovens).

Figure 2-2 provides a schematic of a by-product coke battery. Metallurgical coal is
pulverized and fed into the oven (or charged) through ports at the top of the oven, which are
then covered with lids. The coal undergoes destructive distillation in the oven at 1,650°F to
2,000°F for 15 to 30 hours. A slight positive back-pressure maintained on the oven prevents
air from entering the oven during the coking process. After coking, the incandescent or
“hot” coke is then pushed from the coke oven into a special railroad car and transported to a
quench tower at the end of the battery where it is cooled with water and screened to a
uniform size. During this process, raw coke oven gas is removed through an offtake system,
by-products such as benzene, toluene, and xylene are recovered, and the cleaned gas is used
to underfire the coke ovens and for fuel elsewhere in the plant.

As shown in Table 2-1, pollutants may be emitted into the atmosphere from several
sources during by-product cokemaking. For the final MACT standards, the sources of
environmental concern to EPA are the pushing of coke from the ovens, the quenching of
incandescent coke, and battery stacks. Coke pushing results in fugitive particulate emissions,
which may include volatile organic compounds (VOCs), while coke quenching results in
particulate emissions with traces of organic compounds. EPA will focus on these three areas
of emissions as HAP-emitting source categories to be regulated.
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Metallurgical Coal Coal Preparation All Other Inputs

and Charging

All Other Inputs
» Coking and Pushing [«
Recycled
Coke
Oven Gas
- By-Product “Hot” Coke
By-Product < yrroces Quenching
Recovery
Coke
Other To Blast Furnace or
By-Products Foundry Cupola

Figure 2-1. The By-Product Coke Production Process

2.1.2 Types of Coke

The particular mix of high- and low-volatile coals used and the length of time the
coal is heated (i.e., coking time) determine the type of coke produced: (1) furnace coke,
which is used in blast furnaces as part of the traditional steelmaking process, or (2) foundry
coke, which is used in the cupolas of foundries in making gray, ductile, or malleable iron
castings. Furnace coke is produced by baking a coal mix of 10 to 30 percent low-volatile
coal for 16 to 18 hours at oven temperatures of 2,200°F. Most blast furnace operators prefer
coke sized between (.75 inches and 3 inches. Alternatively, foundry coke is produced by
baking a mix of 50 percent or more low-volatile coal for 27 to 30 hours at oven temperatures
of 1,800°F. Coke size requirements in foundry cupolas are a function of the cupola diameter
(usually based on a 10:1 ratio of cupola diameter to coke size) with foundry coke ranging in
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Figure 2-2. A Schematic of a By-Product Coke Battery

Source: U.S. International Trade Commission. 1994. Metallurgical Coke: Baseline Analysis of the U.S.
Industry and Imports. Publication No. 2745. Washington, DC: U.S. International Trade Commission.

Table 2-1. Air Emissions from U.S. Coke Manufacturing Plants by Emission Point

Emission Point Example Pollutants

Oven charging and leaks from doors, lids, and Polycyclic organic matter (e.g., benzo(a)pyrene and
offtakes” many others), volatile organic compounds (e.g.,
benzene, toluene), and particulate matter

Coke pushing, coke quenching, and battery stacks
(oven underfiring)®

By-product recovery plant* Benzene, toluene, zylene, napthalene, and other
volatile organic compounds

* A NESHAP was promulgated for these emission points in 1993—see 40 CFR Part 63, Subpart L.

® The final MACT standard evaluated in this economic analysis will address hazardous pollutants from these
emission points and is scheduled for promulgation in 2001 in 40 CFR Part 63, Subpart CCCCC.

¢ A NESHAP for the by-product recovery plant was promulgated in 1989 in 40 CFR Part 61, Subpart L.
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size from 4 inches to 9 inches (Lankford et al., 1985). Because the longer coking times and
lower temperatures required for foundry coke are more favorable for long-term production,
foundry coke batteries typically remain in acceptable working condition longer than furnace
coke batteries (Hogan and Koelble, 1996).

As shown in Figure 2-3, furnace coke accounts for the vast majority of coke produced
in the United States. In 2000, furnace coke production was roughly 17.7 million short tons,
or 85 percent of total U.S. coke production, while foundry coke production was only
1.3 million short tons. Integrated iron and steel producers that use furnace coke in their blast
furnaces may either produce this coke on-site (i.e., captive coke producers) or purchase it on
the market from merchant coke producers. As shown in Table 2-2, almost 76 percent of U.S.
furnace coke capacity in 1997 was from captive operations at integrated steel producers.
Alternatively, there are no captive coke operations at U.S. iron foundries so these producers
purchase all foundry coke on the market from merchant coke producers. In summary,
captive coke production occurs at large integrated iron and steel mills and accounts for the
vast majority of domestic furnace coke production, while merchant coke production occurs at
smaller merchant plants and accounts for a small share of furnace coke production and all of
the foundry coke produced in the United States.

U.S. Coke Production
20.8 million short tons

Foundry Coke
6%

Furnace Coke
85%

Industrial Coke and
Coke Breeze
9%

Figure 2-3. Distribution of U.S. Coke Production by Type: 2000
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Co-products of the by-product coke production process are (1) coke breeze, the fine
screenings that result from the crushing of coke; and (2) “other coke,” the coke that does not
meet size requirements of steel producers that is sold as a fuel source to non-steel producers.
In addition, the by-product cokemaking process results in the recovery of some salable crude
materials such as coke oven gas, ammonia liquor, tar, and light oil. The cleaned coke oven
gas is used to underfire the coke ovens with excess gas used as fuel in other parts of the plant
or sold. The remaining crude by-products may be further processed and separated into
secondary products such as anhydrous ammonia, phenol, ortho cresol, and toluene. In the
past, coke plants were a major source of these products (sometimes referred to as coal
chemicals); however, today their output is overshadowed by chemicals produced from
petroleum manufacturing (DOE, 1996).

2.2 Industry Organization

In order to inform the economic impact analysis, we provide an overview of the U.S.
coke industry based on survey data collected by the Agency for 1997. Note, however, six
coke plants have closed since the survey was completed (see Table 2-2). We also have
provided selected updated information that reflects current trends in the industry (i.e.,
company and market data).

2.2.1 Manufacturing Plants

Figure 2-4 identifies the location of U.S. coke manufacturing plants by type of
producer (i.e., integrated and merchant). As of 1997 (see Table 2-2), there were
14 integrated plants operating 40 coke batteries with 2,648 coke ovens. Total coke capacity
at these plants was 17.6 million short tons with production devoted entirely to furnace coke.
Large integrated steel companies owned and operated these plants and accounted for
80 percent of total U.S. coke production in 1997 (all furnace coke). U.S. Steel was the
largest integrated producer, operating two coke manufacturing plants in Clairton,
Pennsylvania and Gary, Indiana. The Clairton facility was the largest single coke plant in the
United States, accounting for roughly 24 percent of U.S. cokemaking capacity. Together, the
two U.S. Steel plants accounted for roughly 40 percent of all coke batteries and ovens at
integrated plants. As shown in Table 2-3, integrated coke plants had an average of 2.9 coke
batteries, 189 coke ovens, and coke capacity of 1.26 million short tons per plant. These
plants produced an average of 1.14 million short tons of furnace coke and accounted for 88
percent of the 18.2 million short tons of furnace coke produced in 1997.
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Figure 2-4. Location of Coke Manufacturing Plants by Type of Producer: 1997

Source: U.S. Environmental Protection Agency. 1998. Coke Industry Responses to Information Collection
Request (ICR) Survey. Database prepared for EPA’s Office of Air Quality Planning and Standards.
Research Triangle Park, NC.

As of 1997, there were 11 merchant plants operating 26 coke batteries with
1,182 coke ovens. Total coke capacity at these plants was 5.6 million short tons with
production split between furnace and foundry coke. Merchant coke plants are typically
owned by smaller, independent companies that rely solely on the sale of coke and coke by-
products to generate revenue. These plants accounted for 20 percent of total U.S. coke
production in 1997. Sun Coal and Coke is the largest merchant furnace producer, operating
Jewell Coke and Coal in Vansant, Virginia and newly constructed operations at Indiana
Harbor Coke in East Chicago, Illinois (both plants employ the nonrecovery cokemaking
processes). Although listed as a merchant producer, the Indiana Harbor Coke plant is co-
located with Inland Steel’s integrated plant in East Chicago, Illinois and has an agreement to
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Table 2-3. Coke Industry Summary Data by Type of Producer: 1997

Integrated Producers Merchant Producers
Item Total Share Total Share Total
Coke Plants (#) 14 56.0% 11 44.0% 25
Coke Batteries (#)
Total number 40 60.6% 26 39.4% 66
Average per plant 2.86 2.36 2.64
Coke Ovens (#)
Total number 2,648 69.1% 1,182  30.9% 3,830
Average per plant 189.1 107.5 153.2
Coke Capacity (short tons/yr)
Total capacity 17,617,647 75.8% 5,615,286  24.2% 23,232,933
Average per plant 1,258,403 510,481 929,317
Coke Production (short
tons/yr)
Total production
Furnace 16,017,815 88.2% 2,146,599 11.8% 18,164,414
Foundry 0 0.0% 1,628,024  100.0% 1,628,024
Other 155,403 42.0% 214,963 58.0% 370,366
Total 16,173,218 80.2% 3,989,586 19.8% 20,162,804
Average per Plant
Furnace 1,144,130 195,145 726,577
Foundry 0 148,002 65,121
Other 11,100 19,542 14,815
Total 1,155,230 362,690 806,512

Sources: U.S. Environmental Protection Agency. 1998. Coke Industry Responses to Information Collection
Request (ICR) Survey. Database prepared for EPA’s Office of Air Quality Planning and Standards.
Research Triangle Park, NC.
Association of Iron and Steel Engineers (AISE). 1998. “1998 Directory of Iron and Steel Plants:
Volume 1 Plants and Facilities.” Pittsburgh, PA: AISE.
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supply 1.2 million short tons of coke to Inland and sell the residual furnace coke production
(Ninneman, 1997). As shown in Table 2-3, merchant coke plants are smaller than integrated
plants with an average of 2.4 coke batteries, 108 coke ovens, and coke capacity of only

0.5 million short tons per plant. In 1997, these plants produced an average of 195,000 short
tons of furnace coke and 148,000 short tons of foundry coke per plant, accounting for

12 percent of U.S. furnace coke and 100 percent of foundry coke produced.

2.2.2 Companies

The final MACT will potentially affect business entities that own coke manufacturing
facilities. Facilities comprise a land site with plant and equipment that combine inputs (raw
materials, energy, labor) to produce outputs (coke). Companies that own these facilities are
legal business entities that have capacity to conduct business transactions and make business
decisions that affect the facility. The terms facility, establishment, plant, and mill are
synonymous in this analysis and refer to the physical location where products are
manufactured. Likewise, the terms company and firm are synonymous and refer to the legal
business entity that owns one or more facilities.

As shown in Table 2-4, 14 companies currently operate U.S. coke manufacturing
coke batteries. These companies ranged from small, single-facility merchant coke producers
to large integrated steel producers. As shown, integrated producers are large, publicly owned
integrated steel companies such as USX Corporation and Bethlehem Steel Corporation.
Alternatively, merchant producers are smaller, typically privately owned and operated
companies including Koppers Industries, Drummond Company (which owns ABC Coke),
McWane Incorporated (which owns Empire Coke), and Citizens Gas and Coke. These
potentially affected parent companies range in size from 200 to over 50,000 employees.

Companies are grouped into small and large categories using Small Business
Administration (SBA) general size standard definitions for North American Industry
Classification System (NAICS) codes. Under these guidelines, SBA establishes 1,000 or
fewer employees as the small business threshold for Iron and Steel Mills (i.e., NAICS
331111), while coke ovens not integrated with steel mills are classified under All Other
Petroleum and Coal Products Manufacturing (i.e., NAICS 324199) with a threshold of 500.
Figure 2-5 illustrates the distribution of affected U.S. companies by size based on reported
employment data. As shown, three companies (all merchant producers), or 21 percent, are
categorized as small, and 11 companies, or 79 percent, are categorized as large. As expected,
the companies owning integrated coke plants are generally larger than the companies owning
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Table 2-4. Summary of Companies Owning Potentially Affected Coke
Manufacturing Plants: 2000

Legal Form of Producer Total Sales Total Small
Company Name Organization Type ($10% Employment Business

Bethlehem Steel Corporation  Public Integrated 4,197 14,700 No
Citizens Gas and Coke Private Merchant 339 1,000 Yes
Drummond Company Inc.? Private Merchant 615 2,800 No
International Steel Group® NA Integrated 4,934 16,500 No
Koppers Industries Inc. Private Merchant 724 2,085 No
McWane Inc.¢ Private Merchant 755 5,170 No
NKK Corporation NA Foreign Integrated 14,148 39,875 No
Shenango Group’ Holding company Merchant 49 200 Yes
Sunaco® Public Merchant 12,426 14,200 No
Tonawanda Coke NA Merchant 47 260 Yes
Corporation

USX Corporation Public Integrated 39,914 49,679 No
Walter Industries Inc.® Public Merchant 1,185 6,535 No
WHX Corporation" Public Integrated 1,745 6,991 No

* Owns ABC Coke.

® Owns LTV Corporation. Data presented is for LTV Corporation.

¢ Owns Empire Coke.
¢ Owns Shenango Inc.

¢ Owns Indiana Harbor Coke Company and Jewell Coke and Coal Company, which are not subject to final

regulations.
f

Owns Erie Coke Corporation.

¢ Owns Sloss Industries Corporation.
" Owns Wheeling-Pittsburgh Corporation.

Source:

Hoover’s Online and selected 10-K and Annual Reports.

merchant coke plants. None of the nine companies owning integrated operations have fewer
than 1,000 employees or are classified as small businesses. Alternatively, three of the
companies owning merchant operations have fewer than 1,000 employees and are classified
as small businesses. However, not all companies owning merchant coke plants are small; for
example, the Sun Company is one of the largest companies with over 10,000 employees.
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Figure 2-5. Distribution of Affected U.S. Companies by Size: 2000

2.2.3 Industry Trends

During the 1970s and 1980s, integrated steelmakers shut down blast furnaces in
response to reduced demand for steel, thereby reducing the demand for furnace coke. During
the same period, many coke batteries were also shut down, thereby reducing the supply of
coke. During the 1990s, the improved U.S. economy has produced strong demand for steel,
and domestic coke consumption currently exceeds production. This deficit may increase
because many domestic furnace coke batteries are approaching their life expectancies and
may be shut down rather than rebuilt. However, no new coke batteries have been built and
only two coke oven batteries have been rebuilt since 1990—National Steel in Ecorse,
Michigan and Bethlehem Steel in Burns Harbor, Indiana (Agarwal et al., 1996). Most recent
investments in new cokemaking have been made in non-recovery, rather than by-product
recovery, coke batteries. In fact, LTV Steel Corporation and the U.S. Steelworkers Union
are reportedly exploring the possibility of locating a no